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ANALYSIS OF A BROKEN TITANIUM PEDICLE SCREW SUPPORTING A VERTEBRAL 
PROSTHESIS 
 
Abstract. A research done to determine the cause of a broken titanium pedicle screw supporting a 
prosthesis inserted to repair a broken spinal vertebra in a 38 year old patient is reported. The 
rupture was clearly due to fatigue in material of the screw. A first report by a company specializing 
in mechanical tests of materials suggested that a poor surface finishing of the crew had provoked an 
initial crack that actually broke the screw by fatigue. A thorough analysis of the problem, based on 
X-rays of the area showing the broken screw still in place and an analysis of the bar connecting the 
prosthesis to the screw, concluded that the rupture had been provoked by undue motions of the 
patients prior to the time necessary for the prosthesis to have an osseous integration with the 
vertebral region it was supposed to repair. 
 
 
1. MEDICAL HISTORY 
This work is a case study about a broken Titanium screw supporting a vertebral prosthesis 
inserted by spinal surgery in a 38 years old patient. The patient, after the loss of the prosthesis filed 
a suite against the company who produced the Titanium Screw asking for a large amount of money 
for compensation. The author of this article was appointed by a Court to analyze the situation as a 
specialist (Giacaglia, 1998). 
The situation encountered by the appointed specialist was as follows: 
1) The patient had a new prosthesis inserted by a different surgeon, prior to file any complaint. 
2) Several X-rays were produced showing the spinal area with the broken screw still in place 
before surgery. The patient gave a copy of these images, in digital media, to the specialist 
appointed, together with parts of the broken screw and connecting bar to the vertebral 
prosthesis.  
3) These parts had given to a military installation, specializing in testing materials, to obtain an 
opinion about what had caused the rupture of the screw. 
4) The official report of this analysis stated basically the following: 
a. The rupture was due to fatigue in the region close to the insertion. 
b. An electronic microscope analysis of the surface of the screw showed clear signs of 
milling process during fabrication. 
c. Due to these findings the report stated that the rupture by fatigue was probably 
caused by a poor finish of the screw surface. 
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2. MECHANICAL ANALYSIS 
The initial work was to visit the company who had fabricated the broken screw. This visit 
consisted of the following activities: 
1) A detailed analysis of the process of fabrication of the screws pertaining to the same 
category of the one that had broken by fatigue. This analysis included a technical evaluation 
of the fabrication process, done by a Swiss Made numerical control milling center, with high 
precision of reproduction of the screws, a technical evaluation of the Quality Control 
process, final visual analysis before packing, packing and sterilization of the packed 
products; 
2) Random selection of 10 (ten) screws, from the stoking sector, according to standard ASTM 
F 2193:2002(2007) -(Standard Specifications and Test Methods for Components Used in the 
Surgical Fixation of the Spinal Skeletal System -Test Method for Measuring the Static and 
Fatigue Bending Strength of Metallic Spinal Screws); 
3) This sample was delivered in person to an academic institution, whose laboratory for testing 
material, is the only authorized laboratory by the Brazilian Agency for Sanitary Vigilance 
(ANVISA). The results of flexural and fatigue analyses are given in Annex A and B, in their 
original forms in Portuguese. For obvious reasons no translation is allowed in these 
documents. 
The analysis of these reports shows that, with respect to the fatigue tests, it is important to 
stress that the S/N curve obtained by the tests, contains the information of how much the screw has 
to support under fatigue force, according to the above mentioned ASTM Standard, and by the 
number of cycles established by this Standard. In fact, screws brake by fatigue when subjected to 
forces larger than the limit defined by the test, with respect to the force of reference, according to 
the results presented in the Report. Of course, this does not mean that the screw is bad or does not 
meet specifications. It was just a parameter determined by the test. Under an applied force 
compatible with effort supported by a human spine, the screws resisted 2,500,000 cycles. It would 
require quite an activity by the patient to make so many flexures in an 18-month period, the time 
past from the first surgery to the failure of the prosthesis. As noted in Siskey (2010) this is a strong 
possibility for a broken pedicle screw. 
 
3. BIOLOGICAL CONSIDERATIONS 
As far as the milling superficial irregularities, the presence of such irregularities is quite 
natural, since the screw is milled and it is not possible to mill a product without having a tool 
signature. In the screws subjected to tests we did not observe any visually visible milling scars. 
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Such milling marks could only be observed by means of optical or electronic microscopy, a 
procedure not required by the cited standard. Actually in the production process of the screws they 
are subjected to a final polishing (as was observed during the visit to the factory) exactly in order to 
avoid any visible surface defect. On the other end, our experience in the production of dental 
titanium implants, as recommended by professional people, the presence of small scars due to 
milling process is a property favorable to osseous integration. The lack of such integration results, 
with no exceptions, in failure of the implant. Specialists in osseous integration are well aware of this 
fact.  
This way, it was our conclusion that the mechanical resistance of the screws produced in lots 
of rigorous control and repeatability and tracking by Numerical Control Lathes by the factory which 
had fabricated the screws is adequate to the use in fixation of vertebral prostheses if properly 
inserted and subjected to efforts after the osseous integration is verified (Giacaglia, 1998). The 
failure of the implant had to be looked for, following a different analysis. 
 
 
4. ANALYSIS OF OTHER FACTORS 
Several factors are involved in the present situation (Chen, 2005; Burger, 2009) and the 
objective was to isolate the most probable cause for the pedicle screw failure. So, the next step was 
to analyze the material furnished by the patient prior to the first analysis of this case. It was 
constituted by 6 (six) X-rays images of the implant area, where one sees a broken screw, arts of the 
broken screw collected prior to the second surgery, and submitted to a laboratory before our 
intervention, and a connecting bar that was fixed close to screw, in order to constitute an adequate 
set when in position and a minimum effort during at least 3 (three) month after surgery.  
Based on these X-Rays images and on the broken screw that was extracted from the patient 
during the second surgery, it is possible to conclude the following: 
 The Pedicle Screw is a metallic implant fabricated in titanium and when utilized with other 
pieces is used to align, stabilize e hold segments of the vertebral spine until the bone is 
consolidated and promote the definitive fusion and fixing of vertebral bodies to be fixed; 
 An implant does not have the intention or function to substitute in definitive na osseous 
structure and operate for ever as stabilizing and fixing element, but to promote temporarily a 
stabilization, until the bone grows and promote the definitive fusion; 
 According to literature (Lonstein, 1999) available in orthopedic media, information 
contained with the products and surgical techniques for the product, such osseous 
integration has to occur in short period of time, on the contrary the metallic material of the 
implant will enter in a fatigue process due to stress concentration. The Pedicle Screw 
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implanted in the patient failed 18 months after implant, a time much longer than the 
expected time for this type of implant. Lack of information precluded the analysis of factors 
as the bending moment applied to the broken screw (Youssef, 1999); 
 The visual analysis of the fractured screw and of the connecting bar attached to the screw 
constituting a set, show strong signatures in the implant body and the attached bar, including 
discoloration and strong signatures on the bodies of both implants, putting in evidence that 
these bodies suffered for long time mechanical stresses that should be distributed on the 
vertebral bodies (bones), was concentrated on the body and thread of the screw, causing a 
continuous process of fatigue of the metal, with subsequent fracture of the screw. If the bone 
had been consolidated in the adequate time, this screw had already its alignment and 
stabilization function of the spine, the stresses provoked by walking and movements of the 
patient would be distributed over all vertebral bodies and not concentrated over a single 
region of the screw, causing its fatigue and rupture. The signatures on the thread and body of 
the screw and connecting bar are a clear evidence of this process; 
 The analysis of the X-Rays images confirm completely the signatures observed on the 
Pedicle Screw and connecting Bar, i.e. such images show almost no sign of bone fusion 
between the fixed vertebras even after 18 months of implant of the product. This bone fusion 
should initiated just after the implant surgery, has a good bone density after 3 months and a 
complete bone fusion after few months. In this case the bone fusion did not occur e this 
becomes evident in the lag between vertebras that were fixed, showing total absence of 
newly formed bone. One of the X-rays images show a serious deviation of the fixed 
vertebras and crushing of the intermediary vertebra that was positioned between the 
vertebras attached to the pedicle screws. This occurred by the sole reason of the lack of bone 
consolidation and bone fusion. The distal vertebra that was fixed by a screw, slowly 
migrated, entered in complete misalignment and completely collapsed , dragging along with 
it the pedicle screw that was supposed only align and temporarily stabilize the fixed 
vertebras. This migration, crushing and collapse of the intermediary vertebra caused a 
complete misalignment and put under the pedicle screw attached to the distal vertebra all 
concentrated stress, causing it rupture. 
Analyzing the X-rays images, the Pedicle Screw and the connecting bar which had been 
removed before that second surgery, it is clear and evident that the Pedicle Screw ruptured due to 
fatigue of the metal after thousands cycles caused by the walking and movements of the patient 
during the 18 months period when the prosthesis was implanted, a fact that could have been 
avoided, in case the fixed vertebras had the expected bone fusion during the proper time. Since this 
did not happen, the vertebra migrated, crushed the intermediary vertebra, the pedicle screw ruptured 
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by fatigue of its material subjected to efforts not compatibles with its function. 
 
 




Figure 2 – X-Rays image of the region of the implant where it is clearly visible the inter-vertebral 
collapse 
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Figura 3 – X-Rays image where, again, it is clear the inter-vertebral collapse 
 
 
Figure 4 – X-Rays image of the implant where one notes clearly the screw migration caused by lack 
of osseous integration 
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Figure 5 – X-Rays image showing the ruptured screw after its migration 
 
 
Figure 6 – In this X-Rays image it is more than evident the collapse of the discs between vertebras 
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5. CONCLUSIONS 
The conclusion was that, with very high probability, the screw ruptured due to causes not 
related with it mechanical resistance for the function for which was fabricated. The surgical 
intervention realized or the physical activities of the patient did not allowed for the osseous 
integration necessary to stabilize the implant, causing its rupture, by the application of efforts not 
compatible with its intended function. 
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